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Duri ng the last decade, evidence has emerged that there are significant and clinically meaningful benefits of short-term exercise for persons with Parkinson disease (PD). 1, 2 A recent Cochrane review identified 33 randomized controlled trials with 1518 participants examining the benefits of physical therapy compared with no intervention in persons with PD. 3 The results revealed significant improvements in gait velocity, functional mobility, balance, and activities of daily living after physical therapy compared with no intervention. Exercise studies of both rodent and primate models of PD demonstrated increased survival of nigrostriatal dopaminergic neurons, suggesting a potential disease-modifying effect of exercise. 4, 5 These studies highlight the importance of exercise across many levelsVimproving quality-of-life, improving function (walking and balance), reducing impairments (strength and cardiovascular fitness), and potentially acting as a disease-modifying agent. Exercise is increasingly being recognized as a critical component of the management of PD and should be adopted by all patients diagnosed with this disease. 6 Many exercise interventions described in the literature have been structured programs implemented in a clinical facility under direct supervision of a physical therapist or other healthcare professionals. Most have reported benefits for the short-term (4Y12 wks); however, many studies revealed that, once the sessions were completed and instruction or supervision was no longer provided, participants failed to adhere to the exercise program and subsequently experienced a detraining effectVlosing the gains initially made. 1 The longest duration of any exercise program included in the recent Cochrane review of exercise and PD 3 was 24 wks. Limited adherence to longterm exercise in the community thereby diminishes the potential impact of exercise on reducing disability.
Although persons with PD may have more difficulty exercising as the disease progresses, previous work reveals that personal factors, such as low self-efficacy and poor outcome expectation, were stronger predictors of exercise adherence than was disease severity. 7 In addition, social support has been shown to strongly influence health-promoting behaviors. 8, 9 Successful methods to improve exercise adherence for the long-term must address these personal and social factors.
Relational agents provide a promising mechanism to increase physical activity in older adults with chronic disabilities. Relational agents are computational artifacts designed to establish long-term social-emotional relationships with users such as therapeutic alliance relationships in automated health behavior change interventions. 10, 11 In this work, the relational agent takes the form of an animated character that simulates face-to-face conversation with usersVpromoting relationship building crucial to facilitating behavioral change. Users Btalk[ to the character using touch-screen input on a tablet computer in their homes. Relational agents can play the role of a virtual exercise coach (designed using custom software developed by the authors using a noncommercial research software framework). 10, 11 Daily counseling sessions are designed to establish a social bond with users and improve motivation, self-efficacy, and outcome expectation. The virtual coach promotes self-efficacy and outcomes expectations by problem solving (helping users overcome barriers to exercise), positive reinforcement when goals are met, encouragement when goals are not met, negotiating short-and long-term goals (so that goals are realistic and achievable), explicit expression of confidence (BI know you can do it,[ BWe make a great team,[ etc.), and reminding users of past successes via the self-monitoring charts. These coaches have been successfully used in randomized controlled trials to provide theoretically based daily counseling, which has resulted in increased daily walking in healthy adults, older adults, and people who are obese. 12Y15 
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Virtual Exercise Coach in Parkinson Disease setting, shaping, positive feedback, self-monitoring, overcoming obstacles (Bproblem solving[), and education are integrated into the dialogue to promote an increase in physical activity.
Virtual exercise coaches have not been evaluated for use by people with any debilitating chronic conditions or any neurologic disorders. Initial feasibility (i.e., acceptability and usability) of using a virtual exercise coach needs to be explored in persons with PD before assessing evidence of efficacy in promoting long-term adherence to exercise.
In this trial, the virtual exercise coach focused on promoting walking in persons with PD as a form of exercise. Rather than implementing a particular discrete exercise program at a particular frequency and duration, the emphasis was on exercising by increasing walking as a part of one's daily routine. Walking is an appealing form of exercise, in that it is intended to be carried out in the very long-term, is an activity that everyone is familiar with, and can be performed at home or in the local community. This reduces potential barriers such as the need to travel to a specific location or to use specialized equipment. Walking is also an important determinant of disability and quality-of-life in people with PD, and effective interventions focused on improving walking are essential. 16, 17 In a study investigating the evolution of disability in PD, Shulman et al. 18 identified impairments in walking as precipitating the onset of disability, a Bclinical red flag[ highlighting the need for more effective treatments of gait dysfunction to improve mobility and delay disability in PD. A recent longitudinal study of persons with PD revealed a significant decrease (12%) in number of steps (effect size, 0.28) from baseline to 1 yr, indicative of a decrease in physical activity during the course of a year and the need to focus on improving walking in this population. 19 Exercise trials that have emphasized walking in persons with PD reveal improvements in walking speed and step length, suggesting the potential benefits of increasing walking as a form of exercise.
The purpose of this study was to conduct a phase 1 clinical trial to evaluate the acceptability, usability, and safety of a virtual exercise coach in promoting daily walking in community-dwelling persons with PD during a 1-mo period. In addition, preliminary evidence of efficacy of the virtual coach on changes in mobility outcomes during a 1-mo period was investigated. The authors hypothesized that it would be feasible for persons with PD to interact with the virtual exercise coach in their home environments and adhere to a daily walking program in a safe manner.
METHODS

Subjects
Twenty people with PD were recruited from the Center for Neurorehabilitation at Boston University and The Parkinson Disease and Movement Disorders Center at Boston Medical Center. Subjects were included in the trial if they had a diagnosis of idiopathic PD, using the UK Brain Bank Criteria, with a Hoehn and Yahr score 22,23 of 1.5, 2, 2.5, or 3. Persons were excluded if they had a diagnosis of atypical parkinsonism, had a significant cognitive impairment (i.e., MiniYMental State Examination 24 score of G24), had cardiac problems that interfere with the ability to safely exercise (uncontrolled congestive heart failure, uncontrolled arrhythmias, unstable angina, myocardial infarction in the past 6 mos, cardiomyopathy, uncontrolled elevated blood pressure), 25,26 had musculoskeletal disorders of the lower extremities that may interfere with long-distance walking, had a visual or a hearing impairment that would make it impossible for the participant to interact with the virtual coach, are not fluent in conversational English, or are unable to walk 100 m without a gait device.
Design
This study was a phase 1 clinical trial using a single-group nonrandomized design. During an initial clinic visit at the Center for Neurorehabilitation at Boston University, the potential subjects who agreed to participate in this study provided informed consent and were screened for eligibility. Those meeting the inclusion criteria participated in a baseline assessment session. After the baseline assessment, the subjects were instructed on how to use the pedometer and interact with the virtual exercise coach. All subjects participated in a 1-mo intervention program at home, with recommended daily wearing of a pedometer and daily conversations with the virtual coach and a final assessment session after the intervention. This study was approved by the institutional review board at Boston University.
Measures
Characterizing the Population
Data collected during the baseline assessment included sociodemographics, measures of disease severity, 23,27 and exercise stage of change. 28 The criterion standard measures of disease severity included both the Hoehn and Yahr stage and the Movement Disorders Society Unified Parkinson Disease Rating Scale. 23, 27 The exercise stages of change 28 included precontemplation, not intending to exercise regularly in the next 6 mos; contemplation, intending to begin exercising regularly in the next 6 mos; preparation, intending to begin exercising regularly in the next 30 days; action, exercising regularly for less than 6 mos; and maintenance, exercising regularly for at least 6 mos.
Usability and acceptance of the virtual exercise coach were evaluated as a means of assessing feasibility. First, to assess usability, the interaction history was recorded in log files that kept track of all actions the participants took with their tablet computers. The number of days each subject logged into the computer to interact with the virtual coach was assessed. Second, a series of single-item scale measure questions that have been used in previous studies were used to evaluate acceptance. 11, 14, 29 These questions were used to rate satisfaction with the virtual coach, desire to continue using the system, and likability of the virtual coach character. All items were rated on a 7-point Likert scale ranging from strongly disagree (1) to strongly agree (7) . In addition, the number of steps walked each day was measured using the Omron HJ-720ITC pedometers (http://www.omronhealthcare.com/products/hj-720itc/), which recorded the steps throughout the 30-day intervention. The steps data were electronically uploaded from a digital pedometer directly to a tablet computer via a Universal Serial Bus cable. The subjects also recorded their steps daily on paper log sheets in the event the electronic data files were lost or inaccessible.
Safety
Adverse events were monitored with telephone calls at 48 hrs after the baseline assessment, at 2 wks, and at the end of the 1-mo intervention period. Standardized questions were asked about any new falls, illnesses, injuries, and use of any healthcare services.
Efficacy
Preliminary evidence of efficacy was measured using physical mobility tests related to walking at baseline and at the end of the intervention. The 6-min walk test (6-MWT) was used to measure the distance the participants could walk in 6 mins. The participants were instructed to Bcover as much ground as possible.[ Validity and high test-retest reliability have been demonstrated for the 6-MWT in patients with cardiopulmonary disease and in patients with neurologic diseases, including those with PD. 30,31 Self-selected and maximal pace gait speed were measured during a 10-m walk. Two trials at each pace were recorded, with the average speed at each pace used as separate dependent variables. Gait speed provides a standardized measure of gait function that has been found to be reliable and is sensitive to change over a broad range of physical function in elderly individuals and persons with neurologic pathology. 32
Intervention
The intervention was designed to increase physical activity by promoting additional daily walking using a pedometer and brief daily interactions with the computer-animated virtual exercise coach. The subjects were instructed to wear a pedometer and walk daily for 1 mo and to interact with the virtual exercise coach ( Fig. 1 ) for 5 mins per day. Conversations with the virtual exercise coach were composed of dialogue and other media designed to promote health behavior change and dialogue and conversational nonverbal behavior designed to build a relationship and a therapeutic alliance with the participant 29 (Table 1) . A daily 5-min conversation typically consisted of a greeting, social chat, and well-being check-in to determine whether the participant needed to progress or suspend his/her walking program and to provide empathic opportunities. After this, the participants were instructed to plug their pedometer into the system to upload their steps. Once this is done, the virtual coach reviews their progress relative to short-term and long-term goals (using a self-monitoring graph as shown in Fig. 1 ), provides positive reinforcement if warranted, identifies barriers to walking, and engages the participant in a problem-solving discussion for any barriers identified, then negotiates a new short-term goal, if warranted. 33 The session closed with an exercise tip of the day. Each day's dialogue was varied in content and structure and augmented with additional media to help maintain participant engagement and retention (please view video, online data supplement available at http://links.lww.com/PHM/A62). 14 During the baseline assessment visit, all subjects were given a training session on how to use the pedometer and how to record their daily steps on the paper log sheets. The participants were instructed to wear the pedometer daily for 1 mo during all waking hours, with the exception of showering, bathing, or swimming. The researcher set up the pedometer with batteries and established the settings before giving it to subjects. The subjects were instructed to clip the pedometer on their belt or waistband. The mode was set on Bstep count[ so that the subjects would see how many steps they have walked. The subjects were not required to operate any of the other features on the pedometer. The subjects were also given a 15-min training session on how to interact with the virtual exercise coach using the touch-screen tablet computer and how to plug the pedometer into the tablet computer to allow the virtual coach to gather the step count data and provide the participants feedback regarding their progress. The subjects were then given a pedometer, a paper log sheet, and a tablet computer to take home. The computer was configured by the researcher with the subject's given name and study identification number. The subjects were called by the researcher 2 days and 2 wks after the baseline visit to inquire about technical issues and adverse events.
Analysis
Means, standard deviations, and frequency distributions were calculated to describe the subjects' baseline characteristics, disease severity, and exercise 
RESULTS
Twenty-five subjects were screened for this study. Four subjects did not meet the inclusion criteria (three could not walk 9100 m without a gait device, one was diagnosed with an atypical parkinsonism), and one did not respond to calls to schedule a baseline assessment. Twenty persons with mild to moderate idiopathic PD participated. The subject characteristics are presented in Table 2 . All participants (100%) completed the intervention and participated in the final assessment.
Usability and Acceptability
There were no technical difficulties using the pedometer, and only one subject required a reminder of how to log into the computer during a call by the researcher on day 2 after the baseline training session. Interaction history revealed that the participants logged in for a mean (SD) of 25.4 (7) days of the recommended 30 days. On a 7-point Likert scale ranging from strongly disagree (1) to strongly agree (7) , participant satisfaction with the virtual coach was a mean (SD) of 5.6 (1.7), desire to continue using the virtual coach was a mean (SD) of 5.7 (1.7), and liking of the agent was a mean (SD) of 5.6 (1.6). Steps walked per day ranged from 644 to 11,943 steps per day.
Safety
No adverse events, in the form of falls, illnesses, or injuries, occurred in any of the subjects during the study. 
Efficacy
Walking distance improved significantly in the 6-MWT (Fig. 2) , from a mean (SD) distance of 459.5 (91.9) m at baseline to 484.1 (85.3) m after the intervention (P = 0.02). Gait speed also improved significantly in the 10-m walk test (Fig. 3 ). Self-selected walking speed improved from a mean (SD) of 1.19 (0.2) m/sec at baseline to 1.26 (0.18) m/sec after the intervention (P = 0.02). In addition, the baseline maximum walking speed improved from 1.66 (0.32) m/sec to 1.77 (0.32) m/sec after the intervention (P = 0.02; Fig. 4 ). On the basis of minimal clinically important differences of 50 m for the 6-MWT and 0.1 m/sec for the 10-m walk test derived from the geriatric population, 32 the results in this pilot reveal a clinically meaningful change of 0.11 m/sec in the maximum walking speed. Changes of 24 m in the 6-MWT and 0.07 m/sec in the 10-m self-selected condition did not exceed the minimal clinically important difference (Table 3 ).
DISCUSSION
One of the leading challenges faced by persons with PD is to identify ways to improve adherence to exercise for the long-term to reduce disability. Virtual exercise coaches provide a new method to promote exercise adherence using an approach that can deliver a theoretically based intervention in an automated manner through building long-term, social-emotional relationships with people. The authors hypothesized that it would be feasible for persons with PD to interact with the virtual exercise coach in their home environments and adhere to a daily walking program in a safe manner. This phase 1 clinical trial confirmed the authors' initial hypotheses and revealed that persons with mild to moderate PD successfully used a virtual exercise coach at home during a 1-mo period, demonstrating the initial feasibility of this approach. The participants logged into the tablet computer approximately 85% of the recommended number of days to interact with the coach and engaged in walking on a daily basis. The subjects found the virtual exercise coach to be acceptable, with high satisfaction rates and a desire to continue interacting with the coach. The walking program was safe, with no falls or other adverse events occurring. Furthermore, statistically significant improvements in the 10-m walk test and the 6-MWT and clinically meaningful improvements in the maximum walking speed provide preliminary evidence of the efficacy of this approach in improving mobility outcomes in persons with PD.
Many forms of technology (i.e., telephone, Internet, E-mail, and CD-ROM) have been used to promote behavioral change. However, these have several limitations. For example, automated telephone voice recognition programs require clear pronunciation and/or accurate selection of keys from a telephone key pad. 34 Both of these methods of interacting with the system are challenging for people with chronic degenerative conditions such PD because of the presence of tremor, reduced fine motor control, and hypophonia. In a study of persons with multiple sclerosis, an Internetdelivered behavioral coaching program, involving live interactions with a trained coach, was found to increase walking during a 3-mo intervention period. 35 Although live interactions with health professionals are often effective in changing behavior, the cost of delivering these interventions on an ongoing basis is prohibitive, particularly for people with chronic degenerative conditions that require exercise participation for the rest of the participant's life. The virtual exercise coach overcomes these limitations because it is less costly than are live interactions with healthcare professionals or other trained personnel and can be more easily used by persons with motor impairments.
The unique and the potentially most important characteristic of the virtual coach is its ability to build and maintain social-emotional relationships with people. 10 Human contact is a key ingredient known to be effective in increasing adherence. 36 In fact, most automated technologies used to promote behavioral change continue to rely on some human (i.e., therapist) contact to supplement the automated intervention, despite the expensive and timeintensive nature of live interactions with trained professionals. In a recent systematic review of technology-assisted approaches to behavior change in persons with chronic illness, authors concluded that Bthe continuing involvement of therapists in many interventions suggests that there is not, yet, an adequate substitute for the complex role they play.[ 36 The virtual coach, with its human-like characteristics, has the potential to fill this gap. The virtual coach differs from other technologies because it uses both visual and verbal information to build a rela-tionship with the user that will facilitate behavioral change in the form of exercise adherence. The virtual coach emulates face-to-face interactions through visual cues such as hand gestures, facial expressions and body posture, and verbal strategies such as humor and references to previous conversations. 10 The goal of this tailored relationship building is to simulate the complexities inherent among human interactions, resulting in improved adherence to the desired behavior.
This trial is significant because it is the first time that a virtual exercise coach has been used in people with a neurologic disorder. Although this technology has been found to be successful in healthy adult populations (REF), it was necessary to establish that people with PD had no barriers in using the virtual exercise coach. In fact, the subjects with PD found the virtual coach likable and expressed a desire to continue interacting with the coach. This trial has confirmed that people with PD are able to successfully use the virtual exercise coach in their home environments.
This study has several limitations. The sample size of this trial was small (N = 20), and there was no control group, so the exploration of efficacy outcomes needs to be treated with caution. Despite the small sample, it is very promising to note that statistically significant gains in key mobility outcomes were observed after using the virtual exercise coach, with clinically meaningful improvements observed in the maximal walking speed. However, the intervention included both interacting with the virtual coach and Virtual Exercise Coach in Parkinson Disease using a pedometer; therefore, the contributions of each to the improved mobility outcomes cannot be ascertained. Furthermore, the subjects of this study volunteered to participate and may be more interested in exercising compared with the general PD population. This selection bias may have influenced the results of this study and may limit the generalizability of this study's findings. The study duration was limited to 1 mo; however, this was sufficient to address the primary aims of this study related to feasibility in persons with PD. Although the steps walked per day using pedometers were recorded, the baseline physical activity levels before the start of the intervention were not determined; therefore, improvements in activity level were not assessed in this preliminary study. Future work in the area is needed to determine the efficacy of the virtual exercise coach in improving adherence to exercise in persons with PD for a longer period. A randomized controlled trial with a larger sample is essential to establish efficacy in this population and to determine the added value of the virtual coach compared with the value of the pedometer alone. Furthermore, the relationship between long-term exercise adherence and disability requires further study to determine whether higher physical activity levels contribute to reductions in disability and greater independence in persons with a chronic progressive disease such as PD.
CONCLUSIONS
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